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Extensive evidence underscores the pivotal role of socioeconomic status (SES)
in shaping cancer-related outcomes. However, synthesizing definitive and
actionable insights from the expansive body of literature remains a significant
challenge. To elucidate the associations between SES, cancer outcomes, and
the overall cancer burden, we conducted a comprehensive burden estimation
coupled with an umbrella review of relevant meta-analyses. Our findings reveal
that robust or highly suggestive meta-analytic evidence supports only a limited
number of these associations. Individuals with lower SES, compared to those
with higher SES, are disproportionately disadvantaged by reduced access to
immunotherapy, KRAS testing for colorectal cancer, targeted cancer thera-
pies, and precision treatments for melanoma. Additionally, they exhibit lower
rates of breast cancer screening and higher incidence rates of lung cancer.
Furthermore, countries with a higher Human Development Index demonstrate

a substantially greater burden related cancer incidence, with this disparity
being more pronounced among men than women.

Cancer is the leading cause of premature death worldwide, second
only to cardiovascular disease'. The International Agency for Research
on Cancer (IARC) estimated that 20 million new cases of cancer would
be diagnosed globally in 2022, resulting in approximately 9.7 million
deaths’. Meanwhile, estimates of global mortality data from the World
Health Organization(WHO) indicate that cancer is projected to over-
take cardiovascular disease as the leading cause of premature death in
most countries during this century, highlighting the growing impor-
tance of cancer as a major public health challenge'.

Social determinants of health (SDH) refer to non-medical factors
that have a significant impact on health outcomes®. These factors
directly influence health equity, which is achieved by eliminating
unfair, avoidable, or remediable health inequalities between socially,
economically, demographically, or geographically defined population
groups. However, the gap between those with the best and worst

health and well-being persists and is widening. For example, there is an
18-year difference in life expectancy between high- and low-income
countries. Additionally, within countries, the relative gap between
poorer and wealthier disease subgroups, such as cancer, is also
growing®. As a comprehensive concept of SDH, socioeconomic status
(SES) has garnered increasing attention from researchers. In 1981,
Mueller and Parcel defined SES as “the relative position of a household
or individual within a hierarchical social structure based on access to
or control over wealth, prestige, and power.” As research has pro-
gressed, variables such as occupation, education, income, and place of
residence have been widely used to measure SES®. Depending on how
it is measured, SES is usually categorized into individual-based SES
(such as individual income level, education level, and occupational
social class) and area-based SES (such as composite area-based
deprivation index, area-based poverty index, gross national income
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(GNI), and human development index (HDI)). Although researchers
have used various methods to measure SES, differences in cancer
incidence’™, survival”?, treatment uptake’”?%, and screening
rates” >’ have been observed across all measures of SES. For example,
people with low socioeconomic status tend to have lower cancer
survival”'*?, treatment uptake”?, and screening rates” >, while
incidence rates vary by cancer type’. Notably, recent estimates by
IARC suggest that countries with a high HDI have a higher risk of
cancer incidence compared to those with a low HDI, while the differ-
ence in risk of death is minimal’.

Although numerous meta-analyses of observational and pro-
spective studies have explored the association between different levels
of SES and cancer-related outcomes in recent decades, drawing clear
and valuable conclusions from the vast body of evidence has proven
challenging. This difficulty stems from the variable quality of study
designs, differing definitions and measures of SES, inconsistencies in
outcomes, and varying definitions of cancer-related outcomes. To
address these issues, we conducted a comprehensive umbrella review
of relevant meta-analyses to assess the quality of the evidence,
potential biases, and study validity.

Results

Characteristics of the included study

Figure 1 shows a flowchart of the literature search and selection pro-
cess. After conducting a systematic literature search, we identified
8601 unique articles. According to our inclusion and exclusion criteria,

34 meta-analyses were included in our study, comprising 28 meta-
analyses of observational studies with a control group and 6 single-
group rate meta-analyses. The list of studies that might appear to meet
the inclusion criteria, but were excluded, with the main reason for
exclusion can be found in Supplementary Data 5. In total, 157 unique
outcomes were re-analyzed. Tables 1 and 2 provide the characteristics
of the included articles. One of the meta-analyses on cancer health
outcomes focused on the association between socioeconomic status
and cancer health outcomes (n=28), with 50 outcomes related to
access to cancer care. The results for all outcomes are shown in the
Supplementary Data 5 and 6. Table 3 highlights the significant asso-
ciations between low socioeconomic status and several cancer-related
outcomes. Table 4 compares health outcomes for cancer-related dis-
eases across countries with different income levels in a single-group
rate meta-analysis.

When assessing the quality of evidence using GRADE and the
Classification of Evidence criteria, the majority of the 157 outcomes
were rated as “low” or “very low” quality, with evidence levels of III, IV,
or NS. Only one study in this comprehensive review was rated as “high
quality” and provided class I evidence, specifically regarding the
accessibility of cancer immunotherapy. Ten studies (6.4%) were rated
as providing class | evidence for the primary outcomes of cancer
incidence and prognosis (Table 3). Thirteen studies (8.3%) focusing on
accessibility and quality of life outcomes were rated as moderate
quality. Additionally, 7 (4.5%) cancer incidence outcomes, 3 (1.9%)
cancer prognosis outcomes, 3 (1.9%) treatment accessibility outcomes,
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Fig. 1| PRISMA flowchart. Flow diagram visually summarising the screening and selection processes, and the numbers of articles recorded at each different stage.
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Table 2 | The characteristics of the 6 included single-group rate meta-analyses

Study Population Measures of SES* Health outcome Guideline AMSTAR2

Joseline Haizel-Cobbina, Pediatric and/or adult primary Country Income Postoperative length of hospital stay PRISMA Very Low

2023% brain tumor

Anam N Ehsan, 2023* Patients with breast cancer Country Income Financial toxicity rate in breast cancer patients PRISMA Moderate

Emily S Wong, 2022% Patients with retinoblastoma Country Income 5-year Survival rate of retinoblastoma, PRISMA High
Overall globe salvage rate of retinoblastoma

Xiangrong Gao, 2023 General Country Income Adherence rates to cervical cancer screening, PRISMA Moderate
the lifetime prevalence of cervical cancer
screening

Hamid Y Hassen, 2022" Sub-Saharan African Country Income 5-year survival rate of colorectal cancer in Sub- PRISMA Very Low
Saharan Africa

Sumit Gupta, 2013 Pediatric patients Country Income Abandonment of therapy in pediatric acute NR Low

leukemia

AMSTAR2 a measurement tool to assess systematic reviews 2, NR not report, PRISMA Preferred reporting items for systematic reviews and meta-analyses, SES socioeconomic status.

*Author’s choice of ways to measure SES, e.g., education level, income level, etc.

2 (1.3%) breast screening rate outcomes, and 1 other outcome were
graded as level Il evidence. All single-cohort rate outcomes received a
GRADE rating of “low” or “very low” quality.

Cancer incidence

Multiple levels of evidence, both Class | and Class Il, indicate an
association between lower SES and a higher incidence of lung, hepa-
tocellular, and oropharyngeal cancer. For lung cancer, a meta-analysis
of 64 studies revealed that a lower occupational class correlated with a
higher incidence of lung cancer compared to a higher occupational
class (RR1.48[1.29, 1.68], very low-quality evidence, Class II). Similarly,
lower educational attainment was linked to an increased incidence of
lung cancer (RR 1.60 [1.36, 1.89], very low-quality evidence, Class II)™.
Notably, a recent meta-analysis involving 2,779,242 individuals found
that childhood low-income status was associated with a higher inci-
dence of lung cancer in adulthood compared to high-income families
(HR 1.40 [1.30, 1.51], low-quality evidence, Class I)'*. A meta-analysis of
41 studies similarly showed that lower occupational class (OR 1.86
[1.45, 2.38], very low-quality evidence, Class II) and lower educational
level (OR 1.85 [1.59, 2.15], low-quality evidence, Class II) were linked to
higher incidences of oral cancer”. This finding was further supported
by another meta-analysis of 105,229 individuals, which demonstrated
that those with the lowest educational levels had higher incidences of
oral and oropharyngeal cancer compared to those with the highest
educational levels (OR 2.26 [1.98, 2.58], very low-quality evidence,
Class II)". In the case of hepatocellular carcinoma, a meta-analysis of
nine studies found that lower educational attainment was significantly
associated with a higher incidence (OR 1.93 [1.50, 2.48], very low-
quality evidence, Class I1)"*. Additionally, a meta-analysis of three stu-
dies reported a link between lower educational level and higher inci-
dence of prostate cancer (RR 1.36 [1.07, 1.73]), though this was based
on very low-level evidence’.

Contrary to these trends, some studies have noted a protective
effect of lower SES on the incidence of breast cancer and non-
metastatic pancreatic cancer. A meta-analysis of 31 studies examining
the association between area-based SES and breast cancer incidence
found that lower area-based income levels were associated with lower
breast cancer incidence (RR 0.85 [0.83, 0.87], very low-quality evi-
dence, Class II). Similarly, individuals with lower area-based composite
SES indices had a lower incidence of breast cancer (RR 0.80 [0.68,
0.94], very low-quality evidence, Class IV)®. A single-cohort rate meta-
analysis including 63 studies found a significant difference in lifetime
breast cancer prevalence between high-income countries (HIC: 92.13%)
and lower-middle-income countries (LMIC: 25.41%)'° (Table 4). Fur-
thermore, a meta-analysis of 129,562 individuals demonstrated an
association between a lower composite SES and a reduced incidence of

non-metastatic pancreatic cancer (RR 0.94 [0.90, 0.98], very low-
quality evidence, Class IV)’.

Cancer prognosis

Three meta-analyses reported survival rates associated with leukemia,
lung cancer, and colorectal cancer. A meta-analysis including 59,662
individuals found that a lower area-based composite SES was asso-
ciated with worse overall survival (OS) for all types of leukemia (pooled
effect estimate 1.32 [1.17, 1.50], low-quality evidence, Class II). Higher
regional unemployment was associated with worse OS for all leuke-
mias (pooled effect estimate 1.51[1.31, 1.74], low-quality evidence, Class
I). Children in the lowest parental occupational class had almost twice
the mortality rate for all types of leukemia compared to those in the
highest class (HR 1.81 [1.38, 2.38], low-quality evidence, Class II). The
lowest area-based income level was associated with worse OS for all
types of leukemia compared to the highest category (pooled effect
estimate 1.78 [1.45, 2.19], low-quality evidence, Class I). Additionally,
children in the lowest parental occupational class had worse OS for
acute lymphoblastic leukemia compared to the highest class (pooled
effect estimate 1.58 [1.31, 1.92], low-quality evidence, Class ). A meta-
analysis of 94 studies showed that lower individual income was asso-
ciated with worse lung cancer survival (HR 1.13 [1.08, 1.18], low-quality
evidence, Class I). However, individual education level did not show an
association with lung cancer survival (HR 1.03 [0.96, 1.10], very low-
quality evidence, Class NS)'? (Table 3 and Supplementary Data 4).

A meta-analysis of 25 studies showed an association between alow
composite SES and lower breast cancer mortality (RR 0.86 [0.81, 0.91],
very low-quality evidence, Class I)" (Table 3). In contrast, a meta-
analysis including seven studies showed an association between low
SES and higher ovarian cancer mortality (RR 1.10 [1.02, 1.19]), though
the level of evidence was very low (low-quality evidence, Class 1V)®.
Only one meta-analysis, which included 25 trials, reported both disease
and death rates. The evidence showed that breast cancer patients with
lower SES had a higher case fatality rate after adjustment for repro-
ductive factors (RR 1.45 [1.32, 1.59], low-quality evidence, Class I)
(Table 3). Similar results remained after adjustment for treatment
modality, tumor characteristics, lifestyle, or comorbidities alone™.

Access to cancer screening and treatment

Research involving 66 studies demonstrated that a lower composite
SES was associated with a lower willingness to screen for breast cancer
(OR 0.81 [0.72, 0.90], low-quality evidence, Class III). Similar results
were found with other SES measures. Breast cancer screening rates in
the low-income group compared to the middle-income group had an
OR of 0.51 (0.48, 0.54), and compared to the high-income group, the
OR was 0.46 (0.37, 0.58), both representing low-quality evidence, Class
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Fig. 2 | Relative cancer burden caused by higher SES-related cancer incidence.
(A) Relative cancer burden by higher SES-related incidence classified by sex. (B)
Relative cancer burden by higher SES-related incidence classified by cancer type.
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Source data are provided as a Source Data file. SES socioeconomic status, CNS
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Il and showing a dose-response relationship. Additionally, breast can-
cer screening rates were lower among those with low education (OR
0.69 [0.58, 0.82], very low-quality evidence, Class Ill) compared to
those with medium or high education (OR 0.59 [0.44, 0.78], very low-
quality evidence, Class IllI), again indicating a dose-response
relationship? (Table 3). A comprehensive study of 3,220,822 indivi-
duals found that low SES was associated with lower compliance with
fecal occult blood screening (OR 0.66 [0.54, 0.80], very low-quality
evidence, Class IlI)*°. A single-group rate meta-analysis highlighted the
difference in cervical cancer screening adherence between high-
income and low- and middle-income countries (54.72% vs. 19.99%)'°
(Table 4). Further analysis involving 644,756 people showed that low-
income cancer patients were less likely to receive immunotherapy (OR
0.80 [0.75, 0.87], high-quality evidence, Class I)*. Low SES groups had
reduced access to treatment across all cancers, with lung cancer
patients particularly disadvantaged in all treatment modalities (OR
0.79 [0.73, 0.87], low-quality evidence, Class II). The OR for access to
surgery, the main treatment for lung cancer, was only 0.68 (0.62, 0.75),
moderate-quality evidence, Class II*°. Precision treatments, such as
immunotherapy and targeted therapies, also showed SES inequality,
particularly for melanoma (OR 0.77 [0.71, 0.83], low-quality evidence,
Class II) (Table 3). Evidence suggests that chemotherapy, radiotherapy,
surgery, adjuvant chemotherapy, targeted therapy, and immunother-
apy are all less likely to be received by low SES groups. SES inequalities
also exist for key cancer biomarkers. An analysis of 10 studies showed
that low SES was associated with lower access to biomarker testing (OR
0.86 [0.72, 1.03], moderate-quality evidence, NS), including tests for
HER2, KRAS, and EGFR/ALK. Specifically, for KRAS testing in colorectal
cancer patients, the OR for low SES access was 0.76 (0.65, 0.88),
moderate-quality evidence, Class I1I*.

Other outcomes

A study of 46,927 individuals showed that low educational attainment
was associated with higher rates of unemployment after breast cancer
surgery (OR 1.52 [1.23, 1.89], very low-quality evidence, Class I1)*. In
another analysis of 456,432 individuals, brain tumor patients in low-
and middle-income countries had longer postoperative hospital stays
compared to those in high-income countries (LMIC: 4.40 [3.46, 5.59]

days; UMIC: 7.30 [3.67, 14.51] days)*. Research including 83 studies
revealed that children with acute leukemia in low- and middle-income
countries had a higher treatment discontinuation rate compared to
those in high- and upper-middle-income countries (LMIC: 27.81%
[20.58%, 37.58%]; UMIC: 3.00% [2.51%, 3.59%])**. Additionally, findings
from 34 studies indicated that breast cancer patients in low- and
middle-income countries experienced a higher incidence of financial
toxicity than those in high-income countries (LMIC: 76.04% [63.03%,
91.74%]; HIC: 32.52% [24.08%, 43.92%])*. An analysis of 38,130 patients
demonstrated a significant difference in eye salvage rates between
retinoblastoma patients in low- and high-income countries, with
higher eye salvage rates observed in higher SES groups (LIC: 6.00%;
LMIC: 42.74%; UMIC: 46.14%; HIC: 65.80%)".

Additional cancer burden attributable to higher SES based on
cancer incidence rates

High SES was associated with higher cancer incidence-related DALYs in
both 2010 and 2019, and this trend continues to rise. Over these nine
years, high SES increased cancer-associated DALYs by 7022.32 DALYs,
representing a 37.91% increase. In 2010, high SES contributed to an
additional 18,523.25 cancer-associated DALYs per 100,000 people
worldwide, with more men than women being affected. Breast, pros-
tate, colorectal, and lung cancer accounted for 93.17% (17,258.19
DALYs) of all DALYs. In women, breast cancer-related DALYs due to
high SES contributed 76.76% of the total DALYs. Although DALYs for
both breast and prostate cancer decreased in 2019, lung cancer DALYs
surged to 11,294.16 years from 3082.97 in 2010, a 3.87-fold increase.
DALYs from colorectal cancer also saw an increase. It is noteworthy
that in 2010, stomach and liver cancer contributed to higher cancer-
related DALYs in low SES groups, but by 2019, high SES resulted in
1498.14 and 966.55 DALYs for stomach and liver cancer, respec-
tively (Fig. 2).

Assessment of bias and heterogeneity

All studies were reanalyzed, and the results of heterogeneity and Egger
tests, as well as tests for over-significance, are shown in Supplementary
Data 2-3. Only two outcomes showed potential publication bias,
contributing to their low quality of evidence. The assessment of bias
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for the studies is reflected in the GRADE ratings in Supplemen-
tary Data 4.

Discussion

The world’s poorest populations often experience the worst health
outcomes. Studies have shown that within countries, the lower an
individual’s SES, the poorer their health. This top-to-bottom social
gradient in health is a global phenomenon, observable in low-, middle-,
and high-income countries alike. A social gradient in health indicates
that health inequalities affect everyone®. In this umbrella review, we
incorporated 34 meta-analyses and 157 independent associations to
provide a comprehensive overview of the relationship between SES
and cancer-related outcomes.

Our findings suggest that SES significantly influences cancer out-
comes, including incidence, prognosis, screening, and treatment
accessibility. We found an association between lower SES and higher
incidence of selected cancers, such as lung, hepatocellular, oral oro-
pharyngeal, and prostate cancers'®'>", Previous studies have revealed
associations between lower SES and smoking, alcohol abuse®?¢,
hazardous occupational exposures (environmental carcinogens,
pathogens)®’*, lack of health literacy®, and psychiatric disorders**,
all of which are risk factors for cancer. Our study also reveals that lower
SES is associated with lower breast cancer incidence. The positive
association between SES and breast cancer incidence may be mediated
by a combination of reproductive patterns and screening
adherence®'*. Women with high SES, especially those with a high level
of education, tend to marry later, have children later or not at all, and
breastfeed for less time, all of which are risk factors for breast
cancer****, Additionally, women with higher SES tend to have higher
breast cancer screening adherence rates, meaning some breast cancer
patients with lower SES are not included in incidence statistics due to
differences in early diagnosis”***. This difference may be magnified
sufficiently to lead to a spurious protective relationship of lower SES
for breast cancer incidence, given the high rates of breast cancer
screening.

Differences in cancer prognosis are closely related to differences
in access to healthcare resources by SES. Almost all results support the
association of lower SES with poorer cancer-related prognoses,
including survival, viability, mortality, and morbidity™""**, This dif-
ference was particularly pronounced for some cancers, such as the
mortality rate for all types of leukemia in children from the lowest
parental occupational class being nearly twice as high as in the highest
category”, and the five-year survival rate for patients with retino-
blastoma in high-income countries being nearly twice as high as for
those in low-income countries®. Notably, level I evidence demon-
strated an association between higher SES and higher breast cancer
mortality”. Since mortality is the product of incidence and case fatality,
we believe that the higher incidence in women with higher SES con-
tributes to this outcome®'°, Therefore, morbidity and mortality rates as
prognostic indicators are more responsive to differences in the allo-
cation of healthcare resources. Our study shows that lower SES is
significantly associated with higher breast cancer morbidity and
mortality, regardless of adjustment™. Thus, SES does significantly
affect cancer prognosis, and such wide-ranging significant differences
reflect, in part, the inequitable distribution of healthcare resources
among different SES groups.

Higher-quality evidence demonstrates SES differences in cancer
treatment accessibility, whether examined in surgery, chemotherapy,
radiotherapy, or targeted, immunotherapy, and precision therapy®*°.
The importance of developing cancer drugs cannot be overstated, but
pharmaceutical companies often choose research directions driven by
economic incentives, with a greater focus on new drugs and cutting-
edge therapies®. Unfortunately, these innovative advancements are
not only difficult for the vast majority of patients worldwide to access
but also unaffordable®’. However, the current cancer research system

often overlooks studies that, while simple, could significantly improve
patient outcomes, such as the development of new indications for
existing drugs. Similarly, the excessive focus on new drugs has led to
insufficient funding for research into surgical treatment methods.
Although our study found that differences in surgical accessibility are
relatively small, funding for surgery-related research is still sig-
nificantly lower than for new drug development*®. We also found that
cancer screening shares the same dilemma, with high-quality evidence
showing that screening rates and adherence are significantly higher in
high SES populations, regardless of the type of cancer screening'®*"*.
The importance of early screening and treatment of cancer cannot be
overstated, and it is disheartening that cancer patients with very low
SES are often unable to access, are not eligible for, or are unaware of
these better and more effective screening or treatment options. This
further widens the cancer inequality gap. Beyond health outcomes, the
situation for cancer patients with low SES is equally bleak. Our study
shows that compared to cancer patients with higher SES, those with
lower SES have higher rates of unemployment after breast cancer
surgery®, longer postoperative hospital stays for brain tumors®,
higher rates of treatment abandonment for childhood acute
leukemia®, and higher rates of financial toxicity after breast cancer®.
This means that compared to the high SES population, the low SES
population faces not only more cancer-related health losses but also
more difficulty coping with the devastation of living with cancer.

Our study indicates that high SES carries a higher burden of dis-
ease associated with cancer incidence. It is important to clarify that this
result mainly reflects the DALYs from incidence, as we used the inci-
dence differences reported in the literature and the cancer-related
DALY reported by WHO to calculate it. Although the potential for
error, we believe the results are indicative. Overall, due to the
increased incidence of cancer in high SES countries, there is a greater
burden of DALYs relative to lower SES, and this trend is increasing year
by year. There has been a decrease in DALYs for women, largely due to
the decrease in breast cancer DALYs. We attribute this to the devel-
opment of early breast cancer screening and targeted therapies. The
associated rise in DALYs in men, and the total DALYs, is attributable to
lung cancer. The significant increase in lung cancer incidence, in both
men and women, has brought about a nearly fourfold increase in
DALYs. This is indeed a major dilemma facing the world, highlighted by
our rough estimates of the disease burden. Figure 2 clearly shows that
cancers of the digestive system are more prevalent and cause more
DALYs in high SES populations. Gastric and esophageal cancers, which
were a more prevalent problem in low SES countries in 2010,
accounted for nearly 10% of the total DALYs due to high SES in the 2019
burden of disease. This analysis of the burden of disease needs to be
taken further. It may seem counterintuitive that high SES would have a
greater burden of disease, but this shows the double dilemma of
socioeconomic status. Our study demonstrates the imbalance in can-
cer treatment accessibility and prognosis for low SES is an area of
ongoing concern. At the same time, the disease burden associated with
the high incidence of cancer in high SES countries, especially cancers
of the digestive system and lung cancer, cannot be ignored.

Global estimates show that in countries with very high HDI, 1in 12
women will be diagnosed with breast cancer in their lifetime, and 1in 71
women will die of breast cancer. In contrast, in countries with a low
HDI, 1 in 27 women will be diagnosed with breast cancer in their life-
time, and 1in 48 will die of breast cancer. Lung cancer-related services
are reportedly 4-7 times more likely to be included in HBP in high-
income countries than in low-income countries. On average, HBP in
high-income countries is four times more likely to cover radiation
services than in low-income countries. The largest gap for any service
was for stem cell transplantation, which was 12 times more likely to be
included in the HBP in high-income countries than in low-income
countries. Our findings show that in terms of absolute burden, coun-
tries with a high HDI are expected to have the largest absolute increase
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in prevalence. According to WHO data, it is projected that there will be
4.8 million more new cases in 2050 than the 2022 estimate. However,
cancer incidence will increase by 142% in low HDI countries. Cancer
mortality in these countries is expected to almost double by 2050*.
The burden of cancer incidence and mortality currently seen in high
SES countries will gradually emerge in low SES countries. Given the
DALY burden that can be expected in low SES countries, coupled with
disparities in treatment accessibility, it is imperative to prioritize uni-
versal health coverage over health support based on socioeconomic
status.

SES is a multifaceted determinant of health, with its various
components exhibiting synergistic and interacting effects. Indivi-
duals with lower levels of education often lack social and political
power as well as economic resources, leading to unfavorable
employment opportunities and lower income levels. Similarly, those
in lower occupational classes and income brackets usually lack the
necessary resources to pursue higher education, further restricting
their access to essential social resources, including healthcare. In
contrast, higher levels of education not only increase the likelihood
of securing high-paying jobs but also provide better working condi-
tions and benefits®. In this context, it is important to recognize that
various SES factors are not isolated; they interact with one another,
forming positive and negative feedback mechanisms that impact
individuals. Therefore, in the distribution of social resources, parti-
cularly healthcare, individuals with lower SES may face multiple
disadvantages beyond what we might anticipate. This highlights the
need for government policies to pay greater attention to the syner-
gistic, compounding, and interacting effects of social determinants
of health. Without active and robust policy interventions, inequities
may become increasingly severe.

Every country and international organization is making efforts to
address this dilemma. According to the data analysis report of the
Health Inequities Data Repository, launched by WHO, the wealth gap in
health service coverage for women, newborns, and children in low- and
middle-income countries has almost halved in just a decade’. This
shows that our efforts to change the inequalities in socioeconomic
status are working. Although there are still gaps, as long as we focus on
those who are potentially excluded from accessing the cancer care
they need due to poverty, education, or other reasons, and on the
increased burden of disease caused by cancer morbidity and mortality
in high HDI countries, this challenge will be alleviated and potentially
solved. Neither social nor economic status should be a barrier to
accessing health services.

When we compare different income countries individually, we
find that usually residents of higher income countries have better
cancer prognosis as well as treatment. This means that the differences
between the different income countries do affect the cancer-related
outcomes of populations in different countries. Interestingly, we also
find that for some outcomes, middle-income countries perform closer
to low-income countries while the gap with high-income countries is
relatively large. For example, the Overall globe salvage rate of retino-
blastoma for UMIC (46.14%) is close to LIC (35.26%), and LMIC (42.74%)
while the gap with HIC (65.80%) is larger. However, the opposite is true
for some outcomes, e.g., the 5-year survival rate of retinoblastoma of
UMIC (88.89%) is close to that of HIC (97.57%), while the gap with LIC
(56.71%), LMIC (68.16%) is large*. We believe that this may stem from
differences in the realities of different income countries. For low-
income countries, their health security services cover a low population
and basic health care services are poorly covered. While governments
are making efforts to build healthcare systems and control systems,
such efforts are often challenging given scarce health care resources.
At the same time, because non-communicable diseases are not a major
disease burden, countries lack the political will to mobilize resources
for cancer planning and control, and healthcare systems remain
focused on acute care for communicable diseases. This makes it

almost impossible for satisfactory cancer-related outcomes to exist in
low-income countries. Middle-income countries have often been able
to establish basic health-care systems and cancer-control programs,
and these efforts have resulted in tangible improvements in outcomes
and low cancer mortality*’. The dilemma these countries face, how-
ever, is the lack of advanced medical technology, which leads to the
fact that although MICs can achieve relatively satisfactory outcomes in
most cancer outcomes (e.g., mortality from most cancers, treatment
access, screening, etc.), they still differ significantly from high-income
countries in some areas requiring advanced technology (e.g., overall
globe salvage rate of retinoblastoma). This explains why sometimes
MIC performance is closer to HIC and sometimes MIC performance is
closer to LIC. In addition to this, MIC and HIC face differences in the
distribution of healthcare resources within countries, such as regional
differences as well as social class differences®’. Therefore, for LIC, how
to raise the national income, increase the overall healthcare resources,
and realize the full coverage of basic healthcare insurance is an urgent
issue. For MIC, it is more important to improve the quality of health
care and gradually reach the advanced level while ensuring basic
health care coverage. Additionally, in LMIC, the dissemination of
medical knowledge can be a key policy. Considering the profound
impact of education on healthcare accessibility, promoting medical
knowledge and spreading awareness of advanced treatment options
can help bridge the healthcare access gap caused by educational
inequalities*®. Furthermore, for high-income and middle-income
countries, it is crucial to eliminate regional and social class dis-
parities and ultimately achieve health equity by promoting educational
equity, ensuring fair employment and decent work, establishing
comprehensive lifelong social security systems and universal health-
care systems, reflecting health equity in policies, and fully leveraging
market mechanisms.

This review reports a comprehensive summary of current evi-
dence on the association between socioeconomic status and cancer-
related outcomes from meta-analyses of previous observational stu-
dies. Given that socioeconomic status inequality is a major global
public health issue, this study has clinical and social implications for
developing cancer prevention and treatment programs. We reanalyzed
effect sizes using random effects models and assessed heterogeneity
and publication bias for each included meta-analysis. We also used
three standard methods—AMSTAR, GRADE, and Classification of Evi-
dence Criteria—to assess the methodological quality (AMSTAR),
strength of evidence (GRADE), and classification of evidence (Classi-
fication of Evidence Criteria) for each outcome and to evaluate our
confidence in the estimates. Our study has some limitations. We
excluded a proportion of meta-analyses that did not report raw data,
meaning that some important outcomes were not included to stan-
dardize our umbrella review.

Our umbrella review underscores the significant influence of
socioeconomic status on cancer-related outcomes. Lower SES is con-
sistently associated with a higher incidence of certain cancers, poorer
prognosis, and reduced access to screening and treatment. While high
SES is linked to better access to healthcare and improved outcomes,
also carries a higher burden of disease due to increased cancer rates.
These findings highlight the urgent need for public health initiatives
and policy development to address SES disparities. Ensuring equitable
access to cancer care and treatment across all socioeconomic groups is
imperative for reducing health inequalities and improving overall
cancer outcomes globally.

Method

Our study strictly followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement™. (Supple-
mentary Table 1) The protocol for this umbrella review was registered
with PROSPERO (CRD42023484344). The primary difference between
the registered protocol and the current review is the inclusion of a
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complementary analysis of the burden of cancer disease based on
different SES estimates.

Search strategy and selection criteria

We conducted a comprehensive literature search in PubMed,
EMBASE, and the Cochrane Library (Central). According to a pre-
defined protocol, we searched for studies from the inception of the
databases to January 14, 2024, without language restrictions.
Detailed search strategies are available in the Supplementary Data 1.
Meta-analyses of quantitative systematic reviews and observational
studies examining exposures related to socioeconomic status
(composite SES, income, educational level, and occupation) and
cancer-related outcomes were included. The composite SES is the
combined effect size of cancer-related outcomes from original meta-
analyses that merge different SES-related indicators. Meta-analyses
that did not correctly report outcomes or lacked original study data
were excluded. For meta-analyses with repeated themes, we selected
the most recent studies that included the highest number of studies
to ensure the robustness and relevance of the results. All studies
were independently screened by two researchers (LS and HYX) based
on title and abstract and independently extracted title, first author,
year of publication, design of included studies, number of included
studies, characteristics of the population, categories and definitions
of SES, outcomes and their effect sizes, and effect sizes of the original
studies. Uncertainties and disagreements were discussed and
resolved by a third reviewer (CKF).

Data analysis

We re-analyzed the results based on the data provided by the meta-
analyses and the review of the original studies to ensure robustness
and credibility and to account for potential variations in meta-
analysis methods that could influence the assessment and
recommendations®*, The studies were divided into two categories:
two-arm studies comparing different SES groups, and single-group
rate meta-analyses with subgroup analyses based on different SES.
While the SES groups were somewhat comparable in the single-group
rate analysis, their reliability was inferior to that of the two-arm meta-
analysis. All results were presented as odds ratio (OR), relative risk
(RR), hazard ratio (HR), or incidence rates. Without knowing the
incidence of each population exposed in the study, converting HR/
RR to OR introduces inevitable bias. As this study was a systematic
review, summarizing and recommending the evidence was more
critical; therefore, we did not standardize all results to OR or other
effect sizes to avoid introducing unnecessary analytical bias
(Supplementary Code).

All studies were recalculated using a random-effects model for
effect sizes and p-values®°. Heterogeneity between studies was
assessed using the I2 statistic”’. The robustness of the study results was
tested using Egger’s regression®® and over-significance test™. It is
important to note that single-group rate meta-analyses do not have
clear intervals for statistical effects (unlike ORs, where crossing 1 is not
considered statistically significant), so we did not perform Egger’s
regression, over-significance tests, or statistical p-value tests on these
studies. Additionally, the heterogeneity in single-group rate meta-
analyses also holds little reference value.

We obtained the Disability-Adjusted Life Years (DALYs) data
for cancer deaths up to 2010 and 2019 from the WHO report®°.
Additionally, we acquired the age-standardized rates of cancer
incidence in high and low HDI countries from highly credible lit-
erature and calculated the risk rate of cancer incidence for higher
HDI countries compared with lower HDI countries®"*’. We then
collected the HDI country rankings published by WHO for each
country and, based on these rankings, calculated the proportion of
the population in high and low HDI countries using demographic
data from the World Bank®. Rough estimates of the burden of

cancer-related disease by SES were obtained by calculating cancer
risk rates and cancer-related DALYs for different HDIs. As only 14
high-prevalence cancers are reported in the literature, the results
do not include the incidence rates of all cancers, but the sum
approximates the total cancer incidence rate. It is important to
note that these estimates are crude, as we have included the
increased cancer incidence in the total cancer-related DALYs,
which inevitably introduces some errors. However, we believe the
results are still suggestive. All statistical analyses were performed
with R software (version 4.2.3). A two-tailed p-value of less than
0.05 was considered statistically significant.

Assessment of study quality

We assessed the methodological quality of the included meta-analyses
using AMSTAR 2 (A Measurement Tool to Assess Systematic Reviews
2)%*. AMSTAR 2 consists of 16 items, 7 of which are critical. Each item
was rated as ‘yes,” ‘partly yes,” or ‘no’ based on the degree to which the
assessment criteria were met. The methodological quality of the study
was assessed according to the ratings of the critical and non-critical
items and categorized into four levels: “high,” “moderate,” “low,” or
“very low.” Considering that providing a full list of study exclusions and
the reasons for their exclusion would be impractical, we carefully
considered the methodology of each study and the revised AMSTAR 2
criteria. Without compromising the methodological quality of the
studies, we rated item 7 as non-critical. Two researchers (LS and HYX)
independently assessed the methodological quality of each meta-
analysis. Uncertainties and disagreements were discussed and
resolved by a third researcher (MXL). The assessments of AMSTAR2
can be found in Supplementary Data 6.

” o«

Evidence grading criteria

We adopted the increasingly widely used Evidence Class scale®*,
which classifies associations between socioeconomic status and
cancer-related outcomes into five levels of evidence: confident (Class
1), strongly suggestive (Class II), suggestive (Class IlI), weak (Class IV),
or not significant (NS). The grading criteria included the number of
cases, the p-value of the random-effects model, heterogeneity, statis-
tical significance of the effect, publication bias, overestimation bias,
and the significant effect size of the largest study in the meta-analysis.
The evidence classification criteria can be found in the Supplementary
Data 7. It is important to note that we did not perform an Evidence
Class rating for single-rate studies because this rating focuses on the
statistical power and robustness of the result, and single-rate out-
comes usually do not have a statistically meaningful boundary.
Therefore, we only rated non-single-rate outcomes. We also assessed
the quality of the evidence using the Grading of Recommendations,
Assessment, Development, and Evaluations (GRADE) framework®.
According to GRADE, we upgraded or downgraded the reliability of the
evidence depending on the study characteristics and categorized it as
“high”, “moderate”, “low”, or “very low” quality. The grading criteria
can be found in the Supplementary Data 4.

Data availability

All data generated and analyzed during this study are provided in the
Supplementary Information. Source data are provided in this
paper. Source data are provided with this paper.

Code availability
The analysis code has been publicly available in an open-access repo-
sitory (https://github.com/Huzhiii/SES-and-Cancer).
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